We report a novel photochemical sterilization system in which Escherichia coli cells were sterilized with photosemiconductor powders (titanium oxide). For sterilization that could be used in practice, it was necessary to separate the TiO2 powders from the cell suspension. Therefore, semiconductor powders were immobilized on acetylcellulose membranes. We constructed a continuous-sterilization system consisting of a TiO2-immobilized acetylcellulose membrane reactor, a mercury lamp, and a masterflex pump. As a result, under the various sterilization conditions examined, E. coli (102 cells per ml) was sterilized to <1% survival when the cell suspension flowed in this system at a mean residence time of 16.0 min under irradiation (1,800 microeinsteins/m2 per s). We found that this system was reusable.
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The sterilization of microbial cells is important in the medical and bioindustrial fields. Antibiotics and bactericides have been used for this purpose. Microbial cells are also physically sterilized by heat treatment and UV irradiation. Usually, the effective methods induce many problems, for instance, toxicity or mutagenesis by the reagent. Therefore, a new and effective sterilization method is still required. Various electrochemical methods have been developed for the sterilization of microbial cells. The passage of an alternating current through cell suspensions causes inhibition of cell division or results in bacterial death. Toxic substances such as free chlorine (9) , Pt complex (10) , and H202 (12) generated by electrolysis have been shown to be responsible for the sterilization effect. Recently, we have reported (4, 5) that microbial cells are electrochemically oxidized on a graphite electrode and that the electron transfer between microbial cells and the electrode is mediated by intracellular coenzyme A (CoA). Electrochemical oxidation of microbial cells resulted in a decrease in respiratory activity and cell death (6) when the constant potential (0.74 V versus the saturated calomel electrode) was applied to Saccharomyces cerevisiae cells attached to the electrode surface. Irradiation of semiconductors with light causes the formation of an electron hole (e-, h+) pair, and the reaction of these photogenerated species with species in solution leads to the products of redox reactions (2) . n-Type semiconductor powders such as TiO2 have been shown to be applicable to the photocatalytic oxidation of water (11) , cyanide (1), and acetic acid (3) . Light-sensitized photochemical reactions involving TiO2 on the surface have also been used for the degradation of contaminants in water (8) . Recently, the semiconductor powders were applied to the sterilization of microbial cells. S. cerevisiae cells were sterilized photoelectrochemically in the presence of photosensitive semiconductor powders (TiO2) suspended in the water as a catalyst, since CoA in the microbial cells was oxidized with the photosemiconductor powders (7) . However, in a practical sterilization system the semiconductor particles must be separated from the microbial cell suspension. The continuous-sterilization system is depicted in Fig. 1 . The continuous-sterilization system consisted of 26 glass tubes (the effective volume for sterilization was 260 ml), a mercury lamp, and a masterflex pump (Cole-Parmer Instrument Co.). The cell suspension (102 cells per ml) was passed through the glass tubes containing the TiO2-immobilized membrane under light irradiation. The light intensity was measured in the center of the glass tube as described above.
Determination of viable cell numbers. The number of viable cells in the solution was determined by plating suitably diluted samples and then counting the colonies which appeared on the nutrient broth agar plate after 24 h of incubation at 37°C.
Determination of CoA and a dimer of CoA. The CoA concentration was determined by the phosphotransacetylase method of Stadtman et al. (13) . The dimer of CoA was determined by high-pressure liquid chromatography (LC-6A; Shimadzu, Kyoto, Japan) with a column (7.6 by 100 mm;
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Amount of immobilized T102 (9) FIG. 4. Effect of the amount of immobilized TiO2 powders on the surviving ratio of E. coli cells. The cell suspension, containing 102 cells per ml, was passed through the system at a mean residence time of 16.0 min under irradiation with 1,800 microeinsteins/m2
per s. Figure 4 shows the effect of the amount of immobilized TiO2 powders on the surviving ratio when suspensions containing 102 cells per ml were passed through the system at a mean residence time of 16.0 min under irradiation with 1,800 microeinsteins/m2 per s. The surviving ratio decreased with an increase in the amount of immobilized TiO2 powders. The cells were completely sterilized when more than 4.8 g of TiO2 powders were used for the system. Figure 5 shows The light irradiation of TiO2 powders caused the formation of an electron hole pair in particles. Under light irradiation TiO2 powders were excited and, as a result, generated electrons in the conduction band that were transferred to oxygen as the acceptor, and the hole in the valence band of TiO2 received an electron from CoA as the donor. Then, the formation of dimeric CoA was induced. 
